Abstrak
The relationship between noise and health has been suspected. 1 Epidemiological and laboratory studies suggest that transient as well as chronic noise exposure have both temporary and permanent effects on human physiology. 1, 2 It has been linked with various physiological effects from general annoyance to sleep disturbances, cardiovascular effects, and noiseinduced hearing loss (NIHL). 1, 2 In Japan, aircraft noise exposure was found to be a factor in increasing the number of preschool children's physical and mental misbehaviors. 3 Although a few have reported an increase in the prevalence of hypertension in people living around busy airports, the relationship has been sparsely investigated. 4 HYENA study Hypertension and exposure to noise near airports, has been conducted 6000 persens living for for fi ve years around one of six major European airport, and reported that signifi cant exposure-response relationship was found between nightime aircraft noise exposure and risk of hypertension in people living around this busy airports. 5 Pilots are constantly exposed to aircraft noise, that can reach 90 -120 dB. 2, 3 This chronic exposure is known to cause noise-induced hearing loss (NIHL). 1 But nonauditory effects of noise need to be investigated. 2 Short term and long-term exposures to aircraft noise will have auditory and non-auditory effects on the human body, with possible deleterious consequences on health, such as on the cardiovascular system.
It is therefore important to investigate the association between aircraft noise, on blood pressure, specifi cally diastolic blood pressure.
METHODS
A nested case-control study was carried out on pilots of the Indonesian Air Force (IAF) attending annual medical examinations and indoctrination and aerophysiologic training at the Saryanto Aviation and Space Medicine Institute from January 2003 to September 2008.
The medical examinations were carried out by trained doctors and nurses, specialist in their respective fi elds, according to strict and detailed procedures laid down by the Indonesian Air Force Medical Guidebook. 6 The results of these examinations will end in recommendations of the eligibility of the pilots to continue fl ying or be grounded temporarily or permanently.
Cases were pilots with DBP ≥90 mmHg and control with ≤89 mmHg. 7 The ratio of case to control was 1:12. Control was matched to case in terms of the month the case was diagnosed.
Data were extracted from records of annual medical examination and the indoctrination aerophysiologic training records.
The major risk factor for this study was interior aircraft noise. This noise was separated into 2 categories, ≤80 dB (low) and ≥90 dB (high). Other potential aircraft risk factors were exterior aircraft noise, which was divided into 5 categories, 100 dB, 110 dB, 130 dB, 140 dB, and 160 dB; type of aircraft, transport planes, fi ghter planes, and helicopters; and vibration, which was divided into low or high vibration. Aircraft noises and vibration measurements were obtained from the Air Force Health Offi ce (Dinas Kesehatan Angkatan Udara) survey. 8 The length of employment for cases was calculated from the year becoming an IAF pilot until diagnosed with high DBP. The length of employment for controls was calculated from the year becoming an IAF pilot up to the time the case was diagnosed with high DBP. For the purpose of analysis, the length of employment was divided into 2 categories: 2-10 years and 11-25 years.
Age diagnosed with high DBP was calculated from birth until the year diagnosed with hypertension. For the purpose of analysis, age was divided into 3 categories, 23-29 years, 30-39 years, and 40-48 years. Age on starting work was calculated from the birth year until the year becoming an IAF pilot. For analysis, age was divided into 2 groups, 19-22 years and 23-26 years Rank was the most recent obtained by the pilots. For analysis, rank was divided into 2 groups, fi rst offi cers (from second lieutenant to captain) and middle-ranked offi cers (major until colonel).
Total fl ight hours for cases were calculated from the year becoming a pilot until diagnosed with high DBP. For controls, total fl ight hours were calculated from the year becoming a pilot until diagnosed with high DBP. For analysis, total fl ight hours were divided into 2 categories, 147-1400 hours and 1401-11,125 hours. Annual average fl ight hours were calculated from total fl ight hours divided into 2 categories, 29-299 hours/year and 300-622 hours/year. Year of starting work was the year the subject became a pilot for, with 2 categories, the time periods 1980-1990 and 1991-2003. Fasting blood glucose level was divided into 2 groups, less than or equal to 126 mg/dL and greater that 126 mg/dL. Blood cholesterol level was divided into 2 groups, less than or equal to 200 mg/dL and more than 200 mg/dL. Body Mass Index (BMI) was calculated from body weight (kg) divided by height (m) squared or kg/m 2 . BMI was divided into 3 groups, 18.00-22.99 kg/m 2 , 23.00-24.99 kg/m 2 , and 25.00-39.00 kg/m 2 . 6 Waist circumference was in cm and was divided into 2 groups, normal ≤90 cm and high >90 cm.
Resting pulse rate was the number of pulses per minute taken after resting for 15 minutes, and divided into 2 groups, 50-80/minute and 81-101/minute. Selecting 80/minute as the limit was based on the ROC curve.
With 75.5% sensitivity and 61.4% 1-specifi city the value ob tained was 79.5/minute which was rounded out to 80/minute.
Resting pulse pressure was the difference between systolic and diastolic blood pressures. It was divided into 2 groups, 10-40 mmHg and 41-90 mmHg.
Statistical analyses were done using STATA 9.0 software. 9 A number of risk factors were examined as to whether or not they were potential confounders and/or effect modifi ers. Unconditional logistic regression analysis was used in order to determine the confounding effects and to determine the risk factors for hyper tension. A risk factor was considered to be a potential confounder if in the univariate test it had a P-value <0.25 which would be considered as a candidate for the multivariate model along with all known risk factors for hypertension. 10 Confounders were estimated by the method of maximum likelihood. Ninety-fi ve percent confi dence intervals were based on the standard error of coeffi cient estimates.
Odds ratios (OR) were estimated by the methods of maximum likelihood.
RESULTS
Out of 567 pilots, 544 (95.9%) had complete medical data, 15.6% were normotensive, 75.6% with prehypertension, and 8.8% with stage 1 hypertension. From the prehypertension and hypertension group, 40 subjects had high diastolic pressure of ≥90 mmHg. With a ratio of 1:12, 480 subjects were chosen as control. The control was chosen during the month the case was diagnosed.
High diastolic blood pressure (DBP) had occurred during the fi rst two years of employment (Table 1) . From Table 1 it can also be seen that the highest occurrence of high DBP was found in subjects with 11-25 years of employment, annual average fl ight hours of 29-299 hours/year, total fl ight hours of 1401-11,125 hours, and year of starting work between 1991-2003. Table 2 shows that from 520 subjects, 142 pilots (27.3%) were overweight and 286 (55.0%) were obese. Blood cholesterol levels were comparable in both groups. High cholesterol levels occurred in both normal (50.4%) and high DBP (52.5%) group. Table 2 shows that subjects with normal DBP and high DBP were similarly distributed in terms of fasting blood glucose levels, blood cholesterol levels, body mass index (BMI), and waist circumference. Subject with high resting pulse rate or high pulse pressure had a higher risk of high DBP compared to the reference group.
In Table 3 , subject with normal and high DBP were similarly distributed in terms of type of aircraft and exterior aircraft noise. Compared to the reference, intense interior aircraft noise of 90-95 dB and aircraft vibration tend to be a risk for high DBP. Data from the Framingham study showed that DBP increase progressively until age 50-55 years, levels for several years afterwards, to fi nally decrease with age. 13 In this study, factors associated with age, such as longer duration of employment, older age when diagnosed, older age on entering employment, and higher rank, were found to be risks for high DBP.
Total fl ight hours of equal to or more than 1401 hours was a risk for high DBP (P=0.017). The total fl ight hours is related to the duration of exposure to noise, therefore, the longer the duration of exposure to noise, the greater the effect. The relationship is dose-dependent.
Pilots starting work in 1991-2003 had a 5% smaller risk of high DBP (P=0.041). This is because these pilots are younger than those starting work in 1980-1990.
High resting pulse rate was found to be a risk factor for high DBP (P=0.003). According to the Framingham study, increased diastolic pressure is the result of increased peripheral resistance. 11 Increased peripheral resistance is mainly caused by high sympathetic tone. High resting pulse rate is related to increased sympathetic tone, therefore pulse rate refl ects sympathetic tone.
Intense interior aircraft noise of 90-95 dB increased the risk of high DBP (P=0.032). Previous studies, in Indonesia and Italy, showed that aircraft noise is associated with increased DBP.
12-14 An experimental study in Indonesia on 14 fl ight instructors and cadets of the Flight Academy in Curug (PPLP Curug) demonstrated that exposure to aircraft noise of 90-105 dB for 30 minutes signifi cantly increased DBP without signifi cant increase in systolic blood pressure.
12
Another study was a cross-sectional study to identify the effects of chronic exposure to aircraft noise as a cardiovascular risk factor in Italian military pilots. The subjects were 416 pilots and 150 control within the same age group. The pilots were divided into 2 groups, those exposed to noise from turboprop aircrafts (93 dB) and those exposed to jet planes (79 dB). Results showed an increase in the prevalence of hypertension, which was almost always diastolic in pilots of turboprops (P<0.005) and jets (P<0.001) compared to control. 13 This also showed a dose-dependant relationship.
High aircraft vibration was found to be a risk factor for high DBP (P=0.138). The effect of whole body vibration in increasing DBP has not been widely studied. The effect is probably via increased sympathetic activity causing increased peripheral resistance. 11 In the fi nal model, the risk factors for high DBP were high noise intensity (P=0.040), high total fl ight hours (P=0.049), and high resting pulse rate (P=0.010). Intense aircraft noise and increased total fl ight hours refl ect a greater impact of noise on the cardiovascular system as was shown by the study in Italy. 13, 14 In conclusion, high interior aircraft noise, high total fl ight hours, as well as high resting pulse rate increased risk for high DBP. Self assessment of resting pulse rate can be used to control the risk of high DBP.
